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by Kendall Hartley and Lisa D. Bendixen whereas research on methods has been more productive. Investigations into these first two areas, media and methods, have garnered the bulk of attention from educational technology researchers. However, some of the most significant findings in educational technology research are emerging from studies investigating the impact of learner characteristics (Dillon & Gabbard, 1998; Tergan, 1997) .
A recent review by Dillon and Gabbard (1998) explored the hypermedia research literature with a focus on learning comprehension, learner control, and style (i.e., learner characteristics). They concluded that there is substantial evidence that individual characteristics affect learners' success in hypermedia environments. The attributes that they identified include ability (Repman, Willer, & Lan, 1993) , passivity versus activity (Lee & Lehman, 1993) , field independence or dependence (Jonassen & Wang, 1993) , and deep versus shallow processing (Shute, 1993) . Dillon and Gabbard's (1998) review of each of these areas concluded that these characteristics might offer "the beginning of an explanation for the generally conflicting results in the literature comparing hypermedia and non-hypermedia learning environments" (p. 344). In another review of hypermedia research, Tergan (1997) concluded: "A major result of these studies is that individual learning prerequisites like differences in learning goals may override structural parameters of hypertext/hypermedia documents in affecting performance" (p. 263). We concur with these authors that there is a need for better conceptualization of the impact of learner attributes in these new learning environments. This need was very evident in a recent study by Land and Greene (2000) in which they analyzed the dialogue and products of four groups of undergraduates engaged in a project-based Previous Research News and Comment articles in the Educational Researcher have speculated and reported on the promise, peril, and existing practice of the Web as an educational tool (Owston, 1997; Windschitl, 1998; Roschelle & Pea, 1999) . We think these discussions are extremely important given the current emphasis on the incorporation of technology into educational practice. We would like to further the discussions begun in previous articles by focusing on what we know (and need to know) about how different learners react to these new environments.
The learning environments we are referring to include computer-based open-ended learning environments (Hannafin, Hall, Land, & Hill, 1994) , computer-supported collaborative learning tools (Koschmann, 1996) , many educational applications of the Web (e.g., e-mail exchanges, on-line bulletin boards, hypermedia tutorials, and information searching), and other technology-based environments that are intended to support learner knowledge construction. These tools share some common characteristics. They are designed to situate learning in more authentic contexts, emphasize the exchange of ideas between participants, and rely on the active engagement of the learner. We recognize that it is somewhat presumptuous to lump all of these tools together under the phrase "new learning environments" but we feel that it is justified in light of their commonalities and our desire to demonstrate the broad implications of their use for individuals with different needs.
The incorporation of computer-based technologies into educational practices has increased tremendously in the past decade. Not surprisingly, research into the uses of new technologies has failed to keep pace. Fortunately, much of what we are learning from research that is not specifically interested in computer-based applications can also inform their use. In this paper we will tap into relevant research from the educational technology and educational psychology literature that supports the need for more research into learner characteristics and their implications for the use of computer-based technologies such as the Web.
Educational Technology Literature
Educational technology research can be loosely classified into three areas: research on media (e.g., video versus text), comparing methods (i.e., instructional strategies), and investigations into the impact of learner characteristics (e.g., effect of ability on achievement with hypermedia). Some have suggested that educational technology research on media has been unproductive (Clark, 1983 (Clark, , 1994 Owston, 1997) Research News and Comment learning activity with the Web. They concluded that domain, system, and metacognitive knowledge accounted for a good deal of the differences in success between the groups. What we find most interesting is what is not in the list of important attributes identified in the educational technology research literature. Characteristics such as self-regulation and epistemological beliefs have been demonstrated to be important characteristics in learning; yet, they have received little attention in educational technology research literature (there of course are notable exceptions such as Hannafin & Land, 1997; Land & Green, 2000; Jacobson & Spiro, 1995) . At a time when all learners are being asked to utilize these new tools it is critical that we have a better understanding of how different learners can benefit or not benefit from their use.
Self-regulation and Epistemological Beliefs
Two burgeoning areas of theory and research that illuminate the individual learner in hypermedia environments are selfregulation and epistemological beliefs. This certainly does not preclude the existence of other important attributes (most notably self-efficacy), but these two seem particularly relevant to learning in these new environments.
Self-regulatory skills will significantly mediate success in most learning environments (Schraw, 1998; Zimmerman & Bandura, 1994) . Self-regulation can be defined as the ability and willingness to effectively use and monitor cognitive strategies (Zeidner, Boekaerts, & Pintrich, 2000; Zimmerman, 2000) . Self-regulatory skills include, but are not limited to, learners' ability to monitor their understanding while reading a text passage and their ability and willingness to set goals. Ertmer and Newby (1996) illustrate the role of selfregulatory skills by describing two fictitious learners, Emilie and Monica. Emilie is the prototypical self-regulated learner. She is aware of her strengths and weaknesses. She can adapt to different learning situations by using appropriate learning strategies. Emilie's preparations for an upcoming exam are well planned and efficient. Monica, on the other hand, has a limited repertoire of strategies and is very inefficient. She does not have many selfregulatory skills to draw upon. When faced with preparing for a difficult exam, she beregulatory skills, and their impact on learning in new environments such as the Web.
Does It Make Learning More
Accessible? Owston (1997) describes the potential for technology to make learning more accessible in terms of providing more educational opportunities. He cites distance learners, home schoolers, and those requiring alternative schooling as examples of students for whom learning has become more accessible due to advances in technology, specifically the Internet. However, the discrepancy between connectivity for different socioeconomic groups (the digital divide) makes this increased accessibility less than universal (National Telecommunications and Information Administration, 1999).
The barriers to accessibility are not limited to the well-publicized digital divide. Accessibility can also be thought of in terms of who is most likely to benefit from these new opportunities. Who will be put at a disadvantage? We argue that it is essential to better comprehend how learners' characteristics impact their ability to succeed in environments that are very different from traditional learning situations. These characteristics include the aforementioned beliefs about learning and knowledge. For example, is it possible that certain epistemological beliefs may constrain opportunities to learn in these new environments? Just as it is important to consider accessibility in terms of connectivity, it is important to consider learners' characteristics that may impact their approach to learning in environments where they often have more control over instruction.
Using computers to support learning often means students are learning from hypermedia materials. Hypermedia refers to the linking of different media. Much like hypertext (a document containing links that retrieve a related document), hypermedia links may also retrieve sound, images, and video. Using hypermedia materials, we can now retrieve a map of Serbia while reading about the Kosovo conflict. A text describing Gagne's Events of Instruction can include a link to a short video of Gagne explaining the implications (see Kearsley, 2000) . These links to additional information are often used at the learner's discretion, which allows for individual differences to influence or shape how the technology is used.
lieves that reading the text over and over is the only way to improve her performance. Emilie's distinct advantage over Monica will only be exacerbated in new learning environments that provide a myriad of images, sounds, and links to related materials.
Researchers have also begun to assess how epistemological beliefs (beliefs about the nature of knowledge and knowing) held by students are linked to cognitive processes such as text comprehension (Ryan, 1984; Schommer, Crouse, & Rhodes, 1992 ), text processing (Kardash & Howell, 2000) , academic performance (Schommer, 1993) , self-regulation (Butler & Winne, 1995) , and motivation (Hofer, 1994; Schutz, Pintrich, & Young, 1993 ; see also Hofer & Pintrich, 1997) . Schommer (1990) has proposed five separate epistemological dimensions corresponding to beliefs about knowledge: certain knowledge, simple knowledge, omniscient authority, quick learning, and fixed ability. Research conducted with traditional instructional materials indicates that certain epistemological beliefs correlate with achievement. Schommer, Crouse, and Rhodes (1992) reported that belief in simple knowledge, knowledge as the sum of simple facts, negatively affected complex problem solving. Schoenfeld (1983) investigated some consequences of a belief in quick learning. He reported that, when asked to solve math problems, even experienced students gave up after 5 to 10 minutes assuming that if they failed to solve the problem during this time, the problem could not be solved.
Thus, the importance of self-regulation and epistemological beliefs to achievement has been well established. Will these relationships also be found in computer-based learning environments? Preliminary evidence suggests that they will (Jacobson & Spiro, 1995; Land & Greene, 2000) and we would argue that these relationships may be more pronounced in these openended environments.
Learning in New Environments
To address the need for more focus on learner skills and beliefs, we will follow the lead of Owston (1997) and respond to questions posited by Gordon Davies with regard to technology in education: Does it make learning more accessible? Does it improve learning? We will respond to these questions by considering characteristics, such as epistemological beliefs and self-What does this mean in terms of access to learning? Consider the use of the Internet for alternative schooling. Students taking courses in an alternative program are often doing so because they struggled in their regular setting. Asking these students to learn in an environment that, in general, allows for greater independence, may be setting them up for failure. Granted, some will thrive in this environment, but the possibility of failure is precisely why we need to give it careful consideration. Which characteristics will distinguish those individuals who are likely to be successful from those who are less likely?
Several characteristics may come to mind, including those identified in the Dillon and Gabbard (1998) review, such as ability and passivity. Other characteristics, such as epistemological beliefs and selfregulation skills, will likely impact chances for success.
As Brooks notes in his book, Web-Teaching (1997), "My sense is that students who are poor at self-regulation easily can be 'slaughtered' in WWWbased courses. You can't place your materials on the WWW if your candidate students are not self-regulating and hope for success, can you?" (p. 135). While we may have succeeded in improving access to all, we have only succeeded in increasing access to learning for a few.
Does It Improve Learning?
The previous Research News and Comment articles provide support for the second question, does the Web improve learning, by citing improved flexibility and promoting higher order thinking skills. We will address both aspects of this question from the perspective of research on relevant individual differences.
Increased Flexibility. Flexibility is often touted as a characteristic that facilitates learning in new technologies. Much of this hope stems from cognitive flexibility theory (Jacobson & Spiro, 1995) . This theory postulates that learning can be more effective when complex information is presented in a format that allows for multiple perspectives, links concepts, and stresses the "web-like nature of knowledge" (p. 304). In light of this theory it would seem that the Web is the ideal delivery system for Increased Higher Order Thinking. Windschitl (1998) and Owston (1997) refer to Web activities that promote higher order thinking skills and collaboration as evidence of the Web's potential to improve learning. Common examples of using the Web for higher order thinking are engaging in online research projects and using on-line databases (e.g., U.S. Census) to analyze information. Another example, Scardamalia and Bereiter's (1996) Computer Supported Intentional Learning Environment (CSILE), is used to engage groups of students in "knowledge building" by contributing messages to a database shared over the Internet or a local network. Each of these examples attempt to engage learners in more authentic and collaborative learning activities.
They also feature varying levels of learner support. Many research-based tools, such as CSILE, are intended to guide or scaffold learning, while common classroom uses of the Web are often extremely open-ended. Although these new opportunities are exciting for many, others have expressed concern. Roschelle and Pea (1999) note that educational technology researchers participating in a Tools for Learning Workshop "were critical of the idea that today's Web by itself, can foster higher order skills such as problem solving, critical thinking, or teamwork" (p. 23). It might be more reasonable to argue that rather than fostering these skills, some uses of the Web for learning require these skills.
The skills necessary for learning activities on the Web are similar to the selfregulation skills noted previously. Learners' repertoire of strategies, like monitoring for understanding, and their willingness to invoke such strategies will dramatically affect their ability to manage the wealth of information found on the Internet. One could reasonably assume that highly selfregulated students are better equipped to take advantage of this new environment. However, very little research has been focused on self-regulatory skills and how they may impact students' use of Internet materials. Alexander, Graham, and Harris (1998) stated that researchers understand far too little about what it may mean to be a strategic learner in an age of learning. Windschitl (1998) states, "The ability to move via links, through virtual space has been touted as an intellectual lever for learners who can use this flexibility to construct their own understanding of a body of information" (p. 29). Owston (1997) also alludes to the flexibility of the new learning environments by suggesting that the use of multiple media and interactivity is compatible with students' learning preferences.
This flexibility is not always fruitful. For example, in a study by Jacobson and Spiro (1995) that used a hypermedia tutorial to examine cognitive flexibility theory, a measure of epistemological beliefs was included. They found students with simple knowledge epistemological beliefs had difficulty with the nonlinear and multidimensional nature of an ill-defined hypertext system. Why? A closer look at research on epistemological beliefs might provide some answers.
Certain epistemological beliefs coincide with a less adequate approach to learning. The belief in fixed ability as a primary determinant of success leads students to believe that more effort does not coincide with more learning (Schommer, 1990) . As a consequence, the additional tools available-such as links to definitions, diagrams, self-check materials, objectives, and advanced organizers-may have little positive impact. Similarly, a student who believes that knowledge is the sum of simple facts (i.e., a belief in simple knowledge), may be less likely to take advantage of the hypermedia tools because they are viewed as unnecessary extras that are not related to the facts contained within the text. hypermedia, although such informational technologies are becoming commonplace in the home and workplace, as well as in the classroom. Researchers and practitioners are already behind the learning curve in understanding the promises and potentials that hypermedia pose for strategy development. If they do not marshal their efforts in this direction, they may fail to harness the possibilities of instructional technologies, and they may face losing some students in hyperspace. (p. 148) Access to new technologies has increased the opportunities for activities that incorporate higher order skills. The access to a vast array of information now puts the learner in a position to evaluate statements and ideas with much more insight than in the past. However, this assumes certain metacognitive skills that are possessed by only some learners (Ertmer & Newby, 1996; Schraw, 1998) .
Conclusion
In this article we reviewed the importance of considering individual characteristics, such as epistemological beliefs and selfregulatory skills, as we address questions about accessibility and learning with new computer-based tools. We will conclude with some recommendations for future research and implications for current practice.
Future Research
It is important to begin research on the relationships between constructs-epistemological beliefs and self-regulatory skillsand achievement in new instructional environments such as the World Wide Web. These relationships should be approached through substantial research. Hofer and Pintrich (1997) offer a sound review of epistemological belief research and models. Zeidner et al. (2000) offer a similar review of self-regulation and pose challenges for future research. In testing these models, validated measures such as the Epistemological Beliefs Inventory (Schraw, Bendixen, & Dunkle, in press) and the Metacognitive Awareness Inventory (Schraw & Dennison, 1994) could be used.
To best inform current practice, future research could use hypermedia instructional materials that simulate those commonly used now. Specifically, the materials could include tools such as links within text and links to definitions, advanced organizers, objectives, and self-tests, as well as collaboration tools such as on-line bul-letin boards. Specific questions to start asking include the following: How does the use of tools such as objectives and selfcheck questions relate to students' epistemological beliefs and self-regulation skills? How is participation in an on-line discussion impacted? How does the choice of paths through the content relate to students' beliefs and skills? For example, are students with better self-regulation skills likely to progress through the content in a more systematic fashion? When using the Web to conduct these activities, the participants' actions can be easily collected and analyzed. As on-line high schools, laptopsas-textbooks, and distance learning become commonplace in our system of education, an understanding of these relationships becomes increasingly vital.
Implications
In this article we have discussed the importance of studying the relationship between individual differences and performance in new learning environments. In addition to self-regulatory skills and epistemological beliefs, other characteristics that need careful consideration include motivation, self-efficacy, ability, physical challenges, and learning disabilities. For example, most would agree that learning on the Web is troublesome for the less motivated student. If Web learning is highly dependent on motivation and motivation is correlated with socioeconomic status (Cooper & Tom, 1984) we may be contributing to an expansion of the digital divide. Physical challenges such as impaired vision also need to be considered in hypermedia research. Visual limitations can be overcome with screen readers, but if illustrations and diagrams are not used strategically and properly labeled, screen readers become useless. Some of the flexibility provided by hypermedia materials may actually impede the comprehension of students with learning disabilities (Balajthy, 1990) .
When designing instructional environments and activities it is important that we do not lose sight of the learner. With the appearance of new and exciting instructional tools, it is often the capabilities of these tools that draw our attention at the expense of the learner. These new tools have the potential to enhance learning. However, if careful consideration is not given to the impact of these new tools on different learners, only some will reap the benefits.
